Constant refinement of opioid dependence (OD) therapies is a condition to promote treatment access and delivery. Among other applications, the partial opioid agonist buprenorphine has been studied to improve evidence-based interventions for the transfer of patients from opioid agonist to antagonist medications. This paper summarizes PubMed-searched clinical investigations and conference papers on the transition from methadone maintenance to buprenorphine and from buprenorphine to naltrexone, discussing challenges and advances. The majority of the 26 studies we examined were uncontrolled investigations. Many small clinical trials have demonstrated the feasibility of in-or outpatient transfer to buprenorphine from low to moderate methadone doses (up to 60-70 mg). Results on the conversion from higher methadone doses, on the other hand, indicate significant withdrawal discomfort, and need for ancillary medications and inpatient treatment. Tapering high methadone doses before the transfer to buprenorphine is not without discomfort and the risk of relapse. The transition buprenorphine-naltrexone has been explored in several pilot studies, and a number of treatment methods to reduce withdrawal intensity warrant further investigation, including the co-administration of buprenorphine and naltrexone. Outpatient transfer protocols using buprenorphine, and direct comparisons with other modalities of transitioning from opioid agonist to antagonist medications are limited. Given its potential salience, the information gathered should be used in larger clinical trials on short and long-term outcomes of opioid agonist-antagonist transition treatments. Future studies should also test new pharmacological mechanisms to help reduce physical dependence, and identify individualized approaches, including the use of pharmacogenetics and long-acting opioid agonist and antagonist formulations.
INTRODUCTION
The treatment of opioid dependence (OD) has more pharmacotherapeutic options than other substance abuse disorders. Agonist medications, such as methadone or buprenorphine, are part of long or short-term therapies to break the abusing cycle. Antagonist medications and in particular naltrexone, accelerate the detoxification process and are prescribed postdetoxification to help prevent relapse. Recently, long-acting naltrexone and buprenorphine formulations have been introduced to improve compliance [1, 2] . Nonetheless, the path to recovery is often complex: individuals may engage in detoxification, opioid agonist or antagonist treatments multiple times. The transition between therapies is both a risk for relapse and an opportunity to improve outcomes, favoring treatment access and retention in continuing care [3] [4] [5] .
Despite existing interventions, the large majority of OD individuals do not receive treatment and many fail to continue treatment following detoxification [6] . Increasing the efficiency of opioid antagonist therapies would enhance effective alternatives and help promote the availability of agonist maintenance treatments to new clients [7, 8] .
Research and clinical efforts have focused on easing the transition from agonist to antagonist medications and the partial opioid agonist buprenorphine has been considered a promising pharmacological tool.
Transitional Pharmacological Properties of Buprenorphine
Buprenorphine displays 'antagonist' properties that may help decrease the level of physical dependence in the transfer from full opioid agonist to antagonist agents, and shows at the same time the ability to attenuate withdrawal symptoms through its agonist action. Several mechanisms may be involved:
The Transition from Methadone to Naltrexone Using Buprenorphine There are multiple reasons for a conversion of methadone-treated patients to buprenorphine, before switching them to naltrexone [19] . The first explanation is pharmacological: buprenorphine's partial agonism leads to a reduced risk of overdose, and a longer duration of action permits less frequent dosing than methadone [9] . Secondly, the office-based treatment may be associated with less fear of stigma and better compatibility with social obligations, including work and study. Following a continuum of care, patients who improve may transition from receiving methadone in a structured opiate treatment program to receiving buprenorphine in a more flexible outpatient setting [20] . Finally, there may be medical reasons to the transfer. For instance, methadone use has been associated with ventricular arrhythmias, in particular with the variant described as "torsade de pointes" [21] [22] [23] . Similar complications have not been documented with buprenorphine and transitioning may be a safer alternative to some patients [24, 25] .
About 10% of buprenorphine-treated patients have transferred from methadone (RE Johnson, personal communication, 2007) , and 10 to 20% of patients in methadone maintenance chose the conversion, when given the option [26, 27] . The cost of buprenorphine treatment and a reduced availability at substance abuse programs that offer methadone maintenance may play a role in the decision [28, 29] . Considerable clinical concerns associated with the possibility of inducing significant withdrawal discomfort and attrition during the transfer limit the choice [9] . It is the responsibility of clinicians to carefully scrutinize the reasons of a conversion to buprenorphine and discuss with stable methadone maintained patients of the risk of failure and relapse [30] .
On the other hand, the use of buprenorphine to stabilize OD patients before transitioning to naltrexone may result in a more efficient solution than a direct conversion from methadone and contribute to improving patient's compliance with antagonist maintenance treatment. In addition to pharmacological aspects, the office-based buprenorphine approach is usually structured to include routinary behavioral treatment and offers an opportunity to continue to engage patients in psychosocial aspects of relapse prevention, once they transfer to naltrexone. This approach may help identify an intermediate level of intervention between acute detoxification and long-term agonist maintenance of OD, further expanding therapeutic options. Moreover, induction to naltrexone from buprenorphine could become a more cost-effective detoxification intervention than a methadone-naltrexone sequence for those patients who cannot or do not intend to continue on long-term antagonist treatment [31, 32] .
Thus, a review of the transitional use of buprenorphine may show potential to improve a range of evidence-based OD interventions. In this paper, we summarize the results of clinical investigations on the transfer from methadone maintenance through buprenorphine to naltrexone, discussing ongoing challenges and advances. While non-pharmacological interventions are indispensible to the treatment of drug dependence, the review has a more restricted focus on pharmacotherapy.
and appropriate articles were retrieved, based on the title and abstract. Conference reports of clinical trials were included if results were available by hand searching, or were obtained from the authors upon request. Short-term observation following the transfer (less than 12 hours) was an exclusion criterion. Dose challenge studies and investigations that do not describe a transfer to full-dose naltrexone (50 mg), or offer naltrexone as a take-up treatment option were also excluded. We review here separate sets of investigations on the transfer from methadone to buprenorphine and from buprenorphine to naltrexone CLINICAL INVESTIGATIONS ON THE TRANSITION FROM METHADONE   MAINTENANCE TO BUPRENORPHINE (TABLE 1) The substitution of buprenorphine for methadone can be more difficult than transitioning from heroin to buprenorphine, because the lasting effects of methadone require waiting longer before buprenorphine induction, in particular among patients in methadone maintenance treatment (MM) [33] .
Transfer from Low Methadone Maintenance Dose (Up to 30 mg)
Lukas et al. [34] were the first to report on MM patients switching abruptly (e.g. without taper) to buprenorphine, and then discontinuing treatment. Subjective, behavioral and physiologic ratings (including EEG) were collected over two months. Buprenorphine induction caused mild opioid withdrawal, similar to what observed following its discontinuation. Probably due to the small sample (n=3), no significant differences were observed in the transfer from low versus moderate MM doses (25 mg vs 58 mg and 60 mg), though it was concluded that buprenorphine did not fully substitute for MM. Early outpatient transfer studies [16, 35] describe withdrawal ratings peaking in the initial 2 days of buprenorphine treatment and discomfort declining over 2 weeks. Opioid use and treatment retention in MM patients were comparable with those of patients who transferred from heroin. However, withdrawal intensity was more intense during the second week of buprenorphine treatment among MM patients, especially those receiving a lower buprenorphine dose [16] . Law et al. [36] used a comparable transfer modality among inner city addicts, who were returned to methadone after few days on buprenorphine without adverse effects.
Conversion to buprenorphine and taper during inpatient MM detoxification was associated with reduced withdrawal intensity, but comparable completion rates to detoxification using the alpha-2 adrenergic clonidine or the analgesic lefetamine [37] . An outpatient, slow detoxification study [38] showed the feasibility of switching patients to buprenorphine following MM taper to 30 mg, or abrupt conversion from a lower dose. A separate group of patients was transferred when feeling uncomfortable during taper and switched at methadone doses of about 30 mg. Patients on doses lower than 30 mg experienced significantly less discomfort in the transfer.
Transfer from Moderate Methadone Maintenance Dose (40-70 mg)
Levin et al. [39] tapered methadone from 60 to 30 mg over 4 days before transferring patients to buprenorphine, while Greenwald et al. [40] tapered the same dose of methadone to 45 mg in 1 day, reporting a shorter withdrawal duration (2 vs 3 days), with no ancillary medication use. The peak withdrawal intensity in the Greenwald study was recorded 6 or more hours after initial buprenorphine dose, suggesting that addition of ancillary treatment may be reasonable to control significant symptoms occurring outside the treatment setting. In a lofexidine-assisted abrupt discontinuation study, the duration of methadone therapy is insufficient to define a typical maintenance treatment. However, participants were clinically assessed and administered methadone stabilization doses for few days to match the severity of their dependence condition. Patients receiving higher doses (50-70 mg) showed more intense withdrawal and required higher quantities of alpha-2 adrenergic medication (up to 2.4 mg/day) during transfer, compared to those on lower doses and a lower physical dependence condition [41] .
Banys et al. [42] studied MM (up to 60 mg) patients, showing complete, partial, or insufficient relief of withdrawal symptoms in response to small, 'analgesic' doses of buprenorphine (0.15 mg-0.30 mg), independent of the methadone dose. Buprenorphine was administered at the onset of methadone withdrawal and repeated at regular intervals of 1, 3 or more hours, for 1 or more days.
Transfer from High Methadone Maintenance Dose (>70 mg)
In a retrospective study at a MM program [26] , 13.4% of patients accepted to switch to buprenorphine, offered as an interim goal during slow, high dose MM (up to 155 mg) tapering that was unsuccessful. A similar investigation in an office-based buprenorphine treatment setting showed 24% of patients taking up on the transfer offer, though no one receiving MM 60 mg or higher accepted the conversion [27] . Clark et al. [43] abruptly discontinued MM among hospitalized patients, inducing buprenorphine after 2 or more days. Higher MM doses (up to 100 mg), a shorter time to buprenorphine induction and the female gender were associated with a more severe withdrawal. Commencing the induction with low (0.8 mg) or high dose (32 mg) buprenorphine resulted in better outcomes (less withdrawal discomfort and shorter duration of symptoms, respectively) than the ones observed with a 4 mg dose. Sixty percent of patients who completed the conversion were still taking buprenorphine after 3 months. Jones et al. [44] used the intermediate shorter acting full agonist immediate-release morphine to facilitate the transfer of MM pregnant OD patients to buprenorphine and noted that reduced withdrawal discomfort during morphine treatment was followed by worsening of symptoms and relapse in the first 3 days of buprenorphine treatment. Twenty-five per cent of patients completed the study. In the protocol by Urban and Sullivan [45] , buprenorphine induction was a successful rescue treatment of acute opioid withdrawal discomfort precipitated by naltrexone in MM patients. Bouchez et al. [46] reported that outpatient administration of buprenorphine to patients on high MM dose required several days of clinical supervision and the use of ancillary medications, as opposed to uncomplicated transfer from lower MM doses. Finally, Rosado et al. [47] demonstrated that a high MM transition is more comfortable when buprenorphine induction dose is split and administered at time intervals. Twenty per cent of patients in their study showed little signs of withdrawal with any of the buprenorphine induction doses tested, though about 40% of participants did not complete the protocol.
Discussion
Current published clinical practice recommends reducing methadone to 30 mg/day for a minimum of 1 week and performing the transfer to buprenorphine not earlier than 24 hours after the last methadone dose [33, 48] . A series of relatively small clinical studies we examined show the transfer MM-buprenorphine is feasible over a range of low to moderate methadone doses (up to 60-70 mg), following abrupt discontinuation or taper, preferably assisted by ancillary treatment, with a 24-hour interval between medications. However, due to differences in design and individual variability, a single protocol cannot be formulated. Studies show that the need of ancillary medications and inpatient treatment increases at comparatively high methadone doses. It is rather common for patients in MM treatment to have high levels of physical dependence. About 70% of patients receive more than 60 mg per day of methadone in the USA [49, 50] . Lowering the dose of methadone and/or increasing the interval between the last dose of methadone and buprenorphine may be less acceptable in this case, as it exposes patients to relapse. There are few pilot studies on the management of these doses and they offer preliminary evidence of alternative methods. Until larger clinical trials are completed, inpatient treatment and use of ancillary medications remain the mainstay approach for these patients, as recommended by the 'Physician Clinical Support System for Buprenorphine' [30] .
CLINICAL INVESTIGATIONS ON THE TRANSITION FROM BUPRENORPHINE TO NALTREXONE (TABLE 2)
A transfer to naltrexone is considered safe for patients who are methadone-free for 10-14 days [51] . The application of rapid and ultra-rapid transition techniques to reduce the duration of transfer is labor-intensive and shows inconsistent results, associated in some cases with safety concerns [52, 53] . Chronic buprenorphine administration produces less physical dependence, as demonstrated by the occurrence of less severe withdrawal symptoms following its discontinuation and by the need of higher antagonist doses to precipitate withdrawal in buprenorphine than methadonetreated volunteers [54] . The transitional use of buprenorphine has been tested across treatments ranging from buprenorphine detoxification followed by naltrexone induction, to buprenorphine and naltrexone co-administration.
Buprenorphine Discontinuation and Naltrexone Administration
Following a switch of MM patients to buprenorphine for 1 month, Kosten et al. [55] abruptly discontinued the medication by blind substitution with placebo and followed up with infusion of the short-acting antagonist naloxone. Withdrawal was less intense than the one recorded in methadone patients receiving a similar treatment [56] . A few hours later naloxone-induced withdrawal had resolved and naltrexone administration was associated with minimal discomfort. Compared with high-dose intravenous naloxone, the administration of low dose oral naltrexone (1 mg) did not induce significant withdrawal in buprenorphine-treated OD patients [54] . Among patients who discontinued buprenorphine and were given naltrexone 1 mg titrated to full-dose, withdrawal was reported to be mild and naltrexone maintenance could be initiated in about half the sample, though only a small proportion was retained in treatment after 2 weeks [57] . Comparing different dose regimens and settings, patients who were hospitalized during transfer and received the initially high, withdrawal-inducing dose of opioid antagonist medication were more successful at continuing on naltrexone [16] . Kosten concluded: "When a transition to naltrexone is desired, better success and greater efficiency can be obtained by precipitating buprenorphine withdrawal" [58] . This rationale is not dissimilar from the one formulated for rapid and ultra-rapid detoxification approaches [53, 59] , and may result in easier and safer transfer, though direct comparisons are limited. Collins et al. [60] randomized heroin abusers to single-dose buprenor-phine, ultra-rapid or clonidine-assisted detoxification, followed by naltrexone. Rates of naltrexone induction were higher following buprenorphine (97%) and ultra-rapid (94%) treatments, than with clonidine (21%), though differences in naltrexone retention became non-significant over 12 weeks (buprenorphine 24%, ultra-rapid 20%, clonidine 9%). Ultra-rapid detoxification showed a significantly higher rate of serious adverse events than the other treatments. In an outpatient study at a primary care program [61] , buprenorphine tapering heroin abusers were as likely to receive a full dose naltrexone as patients treated with clonidine and naltrexone (both 81%), and more likely than those detoxified with clonidine alone (65%). However, retention in the 8-day treatment did not significantly differ across conditions (buprenorphine 60%, clonidine-naltrexone 54%, clonidine 65%). Sigmon et al. [62] performed outpatient naltrexone induction among buprenorphine-tapering prescription opioid abusers when urine levels of the medication were undetectable. About 43 % of participants were induced to naltrexone maintenance. Patients who completed buprenorphine taper without relapsing (33%) had higher rates of naltrexone induction (100% vs 11%), 12-week treatment completion (60% vs 0%), and reduced opioid use (82.9% vs 2.4%) compared with those who relapsed during taper.
Buprenorphine and Naltrexone Co-Administration
Umbricht et al. [63] reported on the first clinical investigation of buprenorphine in combination with naltrexone. Heroin users adding naltrexone to a 4-day buprenorphine taper did not need significantly more ancillary medications than patients randomized to receiving naltrexone 4 days after buprenorphine discontinuation. The buprenorphine-naltrexone group showed non-significantly lower rates of full dose naltrexone induction (62.5% vs 78.6%), and 8-day treatment completion (56% vs 76%). Objective withdrawal was the only recorded measure of discomfort. Although peak withdrawal intensity after naltrexone was not significantly different between treatments and withdrawal duration was shorter in the buprenorphine-naltrexone group (3 vs 5 days), half of the total dropouts were recorded within 24 hours of the first naltrexone dose, contributing to a significantly reduced length of stay (5.9 days vs 7.4 days). Johnson [64] investigated the time needed to reach full naltrexone dose in a small sample of OD individuals tapering buprenorphine. One third received concurrently 2 mg daily increments of naltrexone, starting at 2 mg when buprenorphine was 8mg. All patients were scheduled to receive naltrexone at rapid dose increments (12.5 to 50 mg) over a 4-day period, following buprenorphine cessation. Earlier naltrexone use did not expedite naltrexone induction. Neither group successfully reached the full naltrexone dose until 9 days after buprenorphine discontinuation. Although the two groups did not differ significantly in their requirements of ancillary medications, withdrawal varied in duration and intensity by individual and not by treatment, ranging from 3 to 8 days. Only 17% of patients were taking naltrexone at 4 weeks, none of them had received buprenorphine/naltrexone induction. The author concluded: 'buprenorphine/naltrexone treatments should not be given concurrently'. In the inpatient study by Clark et al. [65] , a small group of heroin abusers and buprenorphine-treated patients tapered buprenorphine in 2 to 4-days, combined with increasing doses of naltrexone. Following buprenorphine discontinuation, patients received naltrexone 50 mg and were discharged. Higher subjective withdrawal discomfort was reported in the initial 2 days of treatment. All patients completed the treatment protocol. Although only 33% of patients were still taking naltrexone after 4 weeks, overall opioid use was reduced by 50% or more, compared with admission to treatment. Gerra et al. [66] evaluated the outcome of naltrexone induction and maintenance treatment in heroin-dependent patients. The protocol consisted of a 4-day buprenorphine taper. Patients received very low-dose naloxone IV on day 2 and 3 and were administered naltrexone (10 mg) on day 4. From day 5 through the remainder of the study, patients were administered naltrexone 50 mg, or a naltrexone 50mg/buprenorphine 4 mg combination. All patients completed naltrexone induction and 56.7% of them were receiving treatment after 12 weeks. The use of naltrexone/buprenorphine was associated with significantly better retention in treatment (73% vs. 40%), reduced use of opioids (4.5% vs 25%) and cocaine (9.1% vs 33.3%), and improved mood symptoms and craving.
Discussion
Taken together, published clinical practice recommends induction to full dose naltrexone 5-7 days after buprenorphine discontinuation [48] . The studies we have reviewed here show the feasibility of transferring OD patients from buprenorphine to naltrexone in a shorter time, if an inpatient treatment option is available. With regard to the results of pilot investigations on naltrexone use in combination with buprenorphine, these are preliminary and not all in agreement. Larger clinical trials and outpatient investigations with adequate follow-up observation are needed.
Additionally, comparisons of different transfer methods were limited, including the use of alpha-2 adrenergic agonist agents, with or without early opioid antagonist administration. In some case, insufficient follow up of full naltrexone administration prevents from making meaningful comparisons [61, 63] . Other studies describe better early outcomes of buprenorphine vs clonidine-only induction [60] . Clonidine and lofexidine are effective in reducing a number of opioid withdrawal symptoms [67, 68] , and participate in the regulation of reward and stress-related drug taking [69] [70] [71] . A recent investigation showed that the addition of a stimulant medication improved patient retention and reduced the incidence of hypotension during clonidine-mediated opioid detoxification and induction with naltrexone [72] . In another study, a lofexidine-naloxone combination was superior to methadone taper in favoring post-detoxification abstinence [73] . Future investigations should explore the efficacy of alpha-2 adrenergic agonists combinations with buprenorphine and naltrexone.
Further, a common finding of buprenorphine-naltrexone transition studies is the rather high rate of early naltrexone discontinuation: 60% or more patients terminated naltrexone in the 4 weeks following induction, not dissimilar to what observed in methadone-naltrexone transfer investigation [74] . The study by Gerra and collaborators [66] represents a significant exception, though it is insufficient to determine an association between method of transition and retention in treatment. Available evidence does not consistently link early drop-outs with the quality of discomfort experienced in the transition [75] [76] [77] , and has not identified other significant factors beside an association of low naltrexone adherence with poor maintenance outcome [1, 78] . Further research on determinants of naltrexone retention is warranted to better elucidate the effectiveness of the interventions.
CHALLENGES AND ADVANCES

Regulation of OD Level
Current approaches to lowering the level of physical dependence and attenuate opioid withdrawal in the conversion from full opioid agonist to antagonist medications include agonist taper and delayed antagonist induction. The identification of several opioid and nonopioid mechanisms may offer future alternative treatment approaches. We briefly discuss some of them.
Opioid Regulation
-
A rapid reduction of physical dependence and withdrawal duration with high dose buprenorphine administration in methadone treated patients or naloxone/ naltrexone use in buprenorphine-treated individuals [16, 43, 45, 63] is laborintensive and may not be well tolerated by some patients, impinging on acceptance of the new treatment. Some protocols have used low or very low, repeated doses of buprenorphine or naloxone/naltrexone in a stepwise fashion [42, 47, 65, 66] . This may partly explain high retention and low opioid use rates described in some studies of methadone-buprenorphine or buprenorphinenaltrexone transition [65, 66] . Indeed, repeated administration of very low dose opioid antagonists in combination with agonist medications attenuates opioid dependence and withdrawal in animal models [79, 80] , and similar findings were observed in clinical studies [81, 82] .
Gerra et al. [66] tested a buprenorphine/naltrexone combination treatment, previously proposed by Rothman and co-workers [14] as a functional κ opioid receptor antagonist to control post-detoxification dysphoria. Buprenorphine shows strong κ and δ opioid receptor affinity that reinforces the weak antagonist action of naltrexone, associated with significant agonism at the nociceptin receptor (ORL-1). The mixed receptor activity of this combination may attenuate not only dysphoric mood and opioid seeking behavior and use, but also cocaine and alcohol abuse [83] .
Opioid antagonist agents are antagonist also of the immune system's pattern recognition receptor, toll-like receptor (TLR) 4, has been associated with CNS glial activation and the development of opioid tolerance and physical dependence in animals [84] . Interestingly, (+)-naloxone and naltrexone isomers are active TRL 4 antagonists, while being inactive at the classic opioid receptors [85, 86] . If their clinical use proves to be safe following ongoing investigations, it may lead to reduce opioid dependence without interfering with μ receptor activity.
Non Opioid Regulation
-γ-aminobutyric acid (GABA)-glutamate imbalance, in particular enhanced glutamatergic transmission, is thought to play a role in the development and maintenance of OD [87] . The N-Methyl-D-Aspartate (NMDA)-glutamate receptor antagonist memantine has shown to block the development of OD and reduce withdrawal intensity in preclinical and clinical models [88, 89] . In a recent study, memantine did not improve the outcome of oral naltrexone treatment of OD [90] , although it was added following naltrexone induction, when 25% of patients had already withdrawn from the study. Along this line, pure GABA receptor agonists such as baclofen, vigabatrin, tiagabine and gabapentin have shown efficacy as short-term adjunct treatment of OD and withdrawal in some controlled studies [91] [92] [93] [94] [95] .
Multiple interactions exist between opioid and cannabinoid systems in the development of physiological dependence [96] . Recent clinical investigations show that moderate cannabinoid agonism is linked to improved compliance with oral naltrexone treatment [97] , while moderate opioid antagonism may in turn reduce cannabis use [98] . Modulation of cannabinoid neurotransmission during the transfer may contribute to regulate neurovegetative and dopaminergic activity that are altered during opioid withdrawal [99, 100] , although any potential treatment would need careful clinical evaluation.
Medication Formulations and Bioavalability
A significant portion of the clinical investigations on buprenorphine have been conducted using a liquid sublingual preparation, and only a few transfer trials have adopted the combination buprenorphine/naloxone (Tables 1 and 2 ). The bioavailability of buprenorphine sublingual tablet is between 50% [101, 102] and 75% [103, 104] of an equivalent dose of liquid solution. Although the clinical effects of adding naloxone to the formulation have been considered negligible [105] , bioavailability of the active medication from the buprenorphine/naloxone tablet seems higher than that of the buprenorphine tablet alone (respectively 90% and 60% of the solution) [106] . It is not entirely clear how such differences influence treatment efficacy [104] , though it complicates the interpretation of research data. A buprenorphine sublingual film preparation was recently introduced showing reduced time and steadier rate of absorption compared with the tablet (data on file, Reckitt Benckiser Pharm Inc). Its use may contribute to sensibly decrease the individual variance in buprenorphine bioavailability. In addition, the investigation of slow-release buprenorphine has progressed from uncontrolled studies [107] [108] [109] [110] , to phase III clinical trials [111] . These formulations may help deliver the medication in a sustained but gradually declining manner over several days, eliminating the fluctuations in concentration associated with daily administrations.
Several slow-release naltrexone formulations have been tested to improve compliance with opioid antagonist treatment [1] , and an extended release naltrexone injection was recently approved in the USA for the treatment of OD [112, 113] . Current guidelines suggest a similar approach for induction to oral and depot naltrexone treatment [114] . Future investigations should determine whether a short to long acting conversion and a transition between slow-release opioid agonist and antagonist agents carry significant clinical advantages and help improve long-term outcomes.
Heterogeneous Response
A search for the 'ideal' transitional approach cannot discount the investigation of individualized treatments. Several induction studies have shown wide variability in treatment response, even within a small sample. Low dose buprenorphine is well tolerated and effective in a minority of patients [42, 43, 47] , while buprenorphine taper is associated with significant differences in clinical response, while using the same treatment approach [43, 62, 64] . Buprenorphine detoxification studies suggest the influence of type and severity of opioid use and racial/ethnic status on the outcome [115] [116] [117] . Transfer investigations using buprenorphine have tested individualized approaches based on dose flexibility [64] , subjective withdrawal reports [36, 38, 41, 42, 46] , or rate of buprenorphine elimination [62] . Attempts to match more homogeneous subgroups with effective pharmacotherapies could become easier once biologically defined endophenotypes are identified using pharmacogenetics. One example is offered by the alcohol dependence treatment, where ongoing efforts to identify biological endophenotypes for naltrexone and acamprosate may lead to preselect potential responders to treatment and include the study of polymorphisms of dopamine, glutamate and opioid receptors [118, 119] . The A118G polymorphism in the μ receptor has been suggested to contribute to individual variability in pain management and drug addiction [120] [121] [122] . Significant differences in reactivity to stress have been found among carriers of A118G receiving buprenorphine [123] , and OD patients treated with naltrexone [124] . In addition, polymorphisms of genes coding for opioid-metabolizing enzymes and transporter proteins may affect outcomes by influencing dose requirements and tolerability [125, 126] . Clinical indications will benefit from including evaluation of functional genetic variants in large trials of buprenorphine and naltrexone treatment of OD.
CONCLUSION
Recent advances in the neurobiology of addiction may lead to develop new and more effective pharmacotherapies, however a major concern lies in promoting access to available treatments and improving their effectiveness. The antagonist treatment of OD has been for a long time associated with inconsistent results, but the availability of new long acting formulations and the therapeutic needs of a rapidly growing OD population justify renewed efforts [1] . Although the results of using buprenorphine as a transitional agent from opioid agonist to antagonist medications have been insufficient to modify current practices, the amount of information gathered can lead to test and expand effective pharmacotherapy alternatives, and facilitate access to existing treatments. Ultimately, our understanding of the therapeutic role of naltrexone in OD is likely to improve by comparing depot and oral formulations, as well as by matching the long-term ability of naltrexone and opioid agonist maintenance to reduce drug use and health costs, while improving patients' quality of life. Future large multicenter randomized clinical trials should compare sublingual buprenorphine with long-acting formulations and different transition modalities, evaluating their influence on the compliance with, and effectiveness of subsequent opioid antagonist treatments. 
